In an experiment to determine the effect of honey on ampiclox-induced testicular damage in rats, twenty (20) adult Wistar rats Rattus norvegicus (Berkenhout, 1769) (Rodentia: Muridae) weighing 150-250 g were divided into four groups (A-D) of five rats each. Group A (control) was administered with 0.5 mL distilled water, group B was given freshly prepared honey orally by gavage daily at a dose of 1.2 g/kg body weight (b.wt), group C received ampiclox (50 mg/kg b.wt) daily while group D received ampiclox (50 mg/kg b.wt) and honey (1.2 g/kg b.wt) for a duration of 14 days. Findings indicate that honey significantly reduced ampiclox-induced damage on the testicular histology. It also improved the serum testosterone level and sperm parameters. The study suggests that honey has a protective effect against testicular damage caused by ampiclox.
Introduction
Infertility is defined as the involuntary absence of conception in a sexually active, non-contraceptive couple after a general period of at least one year (Shittu et al., 2005) . In primary infertility, there is an absence of product of conception and in secondary infertility there is the inability to obtain any further conception after a previous issue. Humans are showing declining fertility, which affects about 15% to 18% couples attempting pregnancy . Although women have been thought to be the main cause of childless partners in the past, recent investigations showed that the male and female can equally be responsible, including environmental factors, with male factor identified in about half of the cases.
The male reproductive system is highly sensitive, and which attributes to the rising prevalence of male factor infertility worldwide.
Anatomical, genetic, endocrinological and immunological problems can all cause or contribute to male infertility. These problems could result from nutrition, lifestyle such as cigarette smoking and drinking and exposure to environmental toxicants (Shika and Wang, 2008) . Drugs and chemicals being part of the environment have been found to pose adverse effect on male reproductive capability . Drug such as the antibiotic therapy has also been shown to significantly affect spermatogenesis and seminal parameters in both human and animal models (Olayemi, 2010) .
Antibiotics in the penicillin group (penicillin-G, ampicillin and dicloxacillin) have been implicated in causing spermatogenic arrest (Olayemi, 2010) . Experimental Studies has shown that ampicillin and cloxacillin cause significant reduction in the weights of testes, epididymis, seminal vesicle and prostate glands . Also a significant decrease in sperm count, motility, viability and morphologically abnormal spermatozoa in male rats.
Over the years, curative measures have been applied to reduce infertility. These measures include the use of herbs, vitamin supplements, drugs and medical procedures (Carangelo, 2013) . Honey has been used as both as a natural sweetener and healing agent. But in recent years scientific support is beginning to emerge confirming the beneficial effects of honey on certain medical and surgical conditions such as male infertility (Igbokwe et al., 2013) . Honey as a natural product of bees formed from nectar collected from flowering vegetation has been found to have spermato-protective effect (Mahaneem et al., 2011) . It is also a high nutrient source and contains sugars such as glucose and fructose, enzymes such as catalase and gluthanione reductase, trace elements such as iron, copper, zinc, calcium, vitamins such as vitamin A, C and E as well as some flavonoids and phenolic acids (Estevinho et al., 2008; Syazana et al., 2011) .
Previous work done on honey showed that compared to the standard antifertility drug Mantrix, honey enhanced sperm quality by improving the sperm parameters of sperm count, sperm motility, sperm viability and sperm morphology (Adekunle et al., 2010; Igbokwe et al., 2013) . It has also been shown that honey significantly reduced the toxic effect of cigarette smoke on the testicular structure (Mahaneem et al., 2011) .
The rising prevalence of infertility resulting from decreased human sperm quality due to continuous exposure and intake of drugs and chemicals has been of concern over the years. Hence we aim to investigate the effect of honey on sperm parameters and testosterone level as well as on the histology of ampiclox-induced testicular damage in rats.
Materials and methods
Animal source and handling 20 adult male Wistar rats Rattus norvegicus (Berkenhout, 1769) (Rodentia: Muridae) weighing 150-250 g were procured from the National Institute for Veterinary Research, Plateau State, Nigeria. The rats were housed in wired mesh cages and kept in the animal house. They were fed with vital feed (Growers mesh) and water ad libitum and allowed to acclimatize for a period of two weeks.
Honey and ampliclox
Beecham ampiclox was obtained from Betty Pharmaceutical Store at Gwarimpa, Abuja, Nigeria, while pure natural honey was obtained from Kwoi Market, Kaduna State, Nigeria.
Experimental design
The 20 rats were randomly divided into four groups of five rats per wire mesh cage and the groups were treated as follows, Group A (control): Administered with 0.5 mL distilled water. Group B: Administered freshly prepared honey orally by gavage daily at a dose of 1.2 g/kg body weight (using distilled water as a vehicle). This dose was worked out relative to the local human consumption of honey which is 0.2 g/kg body weight daily. Group C: Administered with (50 mg/kg b.wt) daily. Group D: Administered with ampiclox (50 mg/kg b.wt) and honey (1.2 g/kg b.wt). The duration of the study was 14 days, at the end of which animals were sacrificed, and blood, semen and tissues collected for analysis.
Animal sacrifice 24 h after the last dosing, blood was withdrawn from the animals for serum collection and testosterone assay and then the animals were sacrificed by cervical dislocation and the testis and epididymis were excised following abdominal incision.
Reproductive organ weight
The testis and the epididymis were excised from the rats, cleared from adherent fat and weighed immediately to the nearest milligram and then preserved for histological analysis.
Semen collection and analysis
The caudal epididymis were dissected and minced in 1 mL of (0.9%) normal saline and the sperm count was done using the heamatocytometer counting chamber of the Neubauer type. Semen from the cauda epididymis was collected onto a pre warmed microscope glass slide for motility and viability studies.
Serum collection and testosterone assay
24 h after dosage blood samples were collected through the retro orbital sinus into sterile bottles and was then centrifuged at 10,000 rpm for 15 min. The serum was separated from plasma and stored at -20 °C for testosterone assay.
Histological preparations
The tissues of the testis and epididymis were fixed in 10% formalsaline. The organs were cut in slices of about 0.5 cm thick, dehydrated in graded series of alcohol from 70% to 90% and then cleared in xylene for different durations. The tissues were then transferred into two changes of molten paraffin wax for 1 h each in an oven at 65 °C for infiltration. They were subsequently embedded and serial sections cut using rotary microtome at 5 µm. The tissues were transferred onto albumenized slides and allowed to dry on hot plates for 2 min. The slides were dewaxed with xylene and passed through two changes of absolute alcohol, 70% alcohol, 50% alcohol and then to water for 5 min. The slides were then stained with Haematoxylin and Eosin stains.
Statistical analysis
All the data were statistical evaluated using ANOVA with SPSS 17.0 software (SPSS Inc, Chicago, USA) and the data were represented as Mean + standard error of mean (SEM). Differences were considered to be statistically significant at P < 0.05.
Results and discussion
Results showed that ampiclox treatment has no significant effect on the body weight of the treated group as continuous normal growth of the rats was observed from the beginning to the end of the experiment (Figure 1) . Analysis of testicular and epididymal weight changes at the end of the experiment (Table 1) shows that the honey treated group (group B) experienced an increase in relative testicular and epididymal weight which was not significantly different from control (p < 0.05). However, there was a significant decrease in the relative epididymal weight (p < 0.05) in the ampiclox treated group (group C) as compared with the control. In the ampiclox and honey treated group (group D), there was an increase in the relative testicular and epididymal weight although was not significantly different from control (p < 0.05). In the honey treated rats (group B), sperm parameters and serum reproductive hormonal levels were not significantly different from control, with normal testicular tissue and increasing spermatogenetic activities compared to the control. This is consistent with previous work (Abdul-Ghahi et al., 2008; Mahaneem et al., 2011; Syanzana et al., 2011) .
Accompanying the reduction in epdidymal weight in the ampiclox treated rats was corresponding significant decrease in sperm count, motility and viability (Table 2) . Moderate degenerative changes in the testicular tissues, and less to absence of Leydig cells in the interstitial space compared to the control group was also observed. This corresponds with previous findings on the histomorphometric effect of antibiotics on the male reproductive system Raji et al., 2006) . It has been established that changes in the either absolute or relative weight of an organ following administration of a drug is an indicator of the toxic effect of the drug on the organ (Simmons et al., 1995) . Thus, the decrease in the relative weight of the epididymis in this study indicates the toxic effect of the ampiclox on the organ. A significant decrease in serum testosterone level in the ampiclox-treated rats, as observed in this study (Table 3 ) is in agreement with earlier reports showing a decrease in serum testosterone level by some antibiotics including cloxacillin and ampicillin Raji et al., 2006) . There was also a significant decrease in the serum level of Follicle Stimulating Hormone and Luteinizing Hormone, which indicates that ampiclox might have an effect on the secretion of hormones from the anterior pituitary gland. The observed distortion in the testicular tissue in the ampiclox treated rats (Figure 2) is evidence of its interference with the highly sensitive testicular microenvironment. Also, the sparse to absence of Leydig cells in the interstitial space explains the significant decrease in serum testosterone level since Leydig cells are responsible for the production of testosterone. Decreased spermatogenic activities and delayed spermiation is characteristically seen when serum Follicle Stimulating hormonal level is low and testosterone production is impaired. This underlies the significant decrease in sperm count, motility and viability observed in the ampiclox treated rats in this study, since the hormones are required for spermatogenesis, growth and maintenance of male reproductive organ.
In the ampiclox and honey treated group, there was a significant restoration in serum testosterone level towards the control although there was a significant decrease in the serum levels of Follicle Stimulating Hormone and Luteinizing Hormone. The relative testicular and epididymal weights in this group were not significantly different from the control. Also, parameters such as sperm count, sperm motility and sperm viability, and testicular tissue ultrastructure were not significantly different from the control. Abdul-Ghani et al. (2008) reported that honey increased the activities of testicular marker enzymes for spermatogenesis such as sorbitol dehydrogenase by 31%. This enzyme is involved in carbohydrate metabolism converting sorbitol, the sugar alcohol form of glucose, to fructose (El-Kabbani et al., 2004) . Since fructose is a component of honey and an important marker in seminal fluid, honey enhances sperm quality in that it provides nutrients and energy as it metabolizes through the glycolytic pathway in the testes to make ATP for the sperm and the perfect alkaline medium for sperms to maintain their viability, thus enhancing their motility.
The significant increase in serum testosterone level towards the control and significant decrease in serum Follicle Stimulating Hormone and Luteinizing Hormone levels in the ampiclox and honey treated group indicates that honey has no significant effect on the serum levels of Follicle Stimulating Hormone and Luteinizing Hormone but has a significant effect on serum testosterone level. Honey as a high nutrient source acts locally in the testis by restoring or improving the functions of Leydig cells, which are responsible for the production of testosterone (Mahaneem et al., 2011) , since testosterone is essential for spermatogenesis. This underlies the improved spermatogenic activities and close to normal testicular tissue observed in the ampiclox and honey treated rats in this study. The testis primarily has two functions which are gametogenic and hormonal functions. Both functions are however influenced by the gonadotrophic hormones, Follicle stimulating hormone and Luteinizing Hormone, produced by the anterior pituitary gland and the hypothalamus.
Luteinizing hormone stimulates the Leydig cells in the interstitium of the testes to secrete testosterone, and Follicle stimulating hormone acts directly on the sertoli cells to promote spermatogenesis.
Honey contains various nutritional constituents and has been found to have protective properties and fertility boosting abilities (Adekunle et al., 2010) . Hence possible beneficial role of honey supplementation, either alone or in combination with other drugs, in protecting or treating male reproductive health problems and the oxidative effects of ampiclox on the testicular tissue and the possible use of honey to ameliorate such effects is suggested to be further studied. The rising prevalence of infertility resulting from decreased human sperm quality due to continuous exposure and intake of drugs and chemicals has been of concern over the years, making infertility curative measures, treatments and drugs not cost effective and quite expensive.
Conclusion
The findings in this study demonstrated that honey significantly reduced the damage induced by ampiclox on the testicular histology. It also improved the serum testosterone level and sperm parameters. This study suggests that honey has a protective effect against testicular damage caused by ampiclox hence, the effect of antibiotics such as ampiclox on sperm functions should be evaluated when treating male patients.
